Isolated mouse liver mitochondrla were incubated in two types of P~-labelled sucrose-phosphate buffers. The first contained no added ATP or oxidizable substrate. The second: contained added ATP. Samples were taken at specified times, up to 60 minutes, and analyses were made of the mitochondrial TCA-soluble inorganic P~ and the total mitochondrial residue p81 and pa,. The results of the analyses showed that when the phosphorus inhibition index (the ratio of the amount of incubation inorganic phosphorus to the square of the amount of tyrosine in the mitochondrla) was high, inorganic P~ uptake was low and v/ce versa. In accordance with established data, increased pa2 uptake was obtained when ATP was added. ATP was found to stabilize the turnover of TCA-insoluble residue phosphorus as well as to maintain the TCA-soluble orthophosphate pool. These results support findings regarding the ~nhibitory and controlling effects of incubation medium phosphate in the regulation of inorganic phosphorus uptake.
enzyme systems (13, 15, 24, 29) . It may also concomitantly reverse or modify the effect of uncoupling agents (14, 19) .
This study presents data on p3~ uptake from time course incubations of intact mitochondria in media lacking an oxidizable substrate. It gives a picture of P~ disposition in a situation corresponding to the preincubation procedures of Hunter and Ford (14) . The well known stabilizing effect of ATP on Pi uptake (5, 21, 22, 25, 30) was also studied with labelled Pi.
EXPERIMENTAL
Isolation of mitochondria was carried out at 4 ~ 2°C. In each experiment, the livers of ten mature, male, BUB strain mice, deprived of food for 8 to 16 hours, were removed and homogenized in a glass pestle tissue homogenizer with 0.25 M sucrose solution. The homogenate was centrifuged for 3 minutes at 1500 g. The supematant was decanted and centrifuged 25 minutes at 2000 g, sediraenting the mitochondria. The mitochondrial sediment was washed two additional times with sucrose. The final mitochondrial pellet was resuspended in 3 rnl. of sucrose just before it was added to the incubation bath.
The resuspended washed mitochondria were introduced into a 50 ml. volumetric flask containing 6 rag. P from equimolar amounts of mono-and dibasic potassium phosphate and 0.25 or 0.75 inc. P~ in sucrose. This concentration of P approximated the intracellular P~ of mouse liver, as determined by analysis of trichloroacetic acid (TCA) extracts of mouse liver homogenates. The pH was adjusted to 6.8-7.0 with KOH. The volume was made up to the mark with additional sucrose. This mixture constituted the mitochondrial incubation mixture (MIM). In Experiments VII, VIII, and IX, 3 × 10 -~ mole ATP was added to each MIM. The MIM was shaken manually for a few seconds and then transferred to a 100 ml. volumetric flask, in which it was shaken mechanically in an ice water bath during the rest of the time course (aerobic conditions). Periodically, 10 ml. aliquots were withdrawn for sedimentation (5 minutes at 7000 to 8000 g). After the initial sedimentation of the aliquot, the pellet was resuspended and washed twice with sucrose. After washing, the acidsoluble P was extracted by resuspending the mitochondria in 3 ml. of 10 per cent TCA, in which they remained for at least 15 minutes. The TCA-mitochondrial suspension was centrifuged and the supernatant collected. The pellet was washed twice again with 2 ml. portions of TCA and once with 2 ml. of water. These washings were combined with the first TCA supematant and made up to 10 ml. with water. This combined TCA supematant and washings will be called the TCA extract.
Determination of Ps and 1 m was made by the modified Fiske-SubbaRow method of Emster d al. (8) . Specific activities were obtained by the use of a counter equipped with an end-window GM tube. For the analysis of the solid mitochondrial residue left after TCA extraction of the incubation mitochondria (total mitochondria[ P~), digestion was carried out in the heavy walled pyrex centrifuge tubes used to sediment the material. Each tube was mounted on the micro Kjeldahl heater element cup by fitting the tube with a sheet asbestos collar that held the tube upright in the cup. 
RESULTS
Two analyses of whole mouse liver gave the average values listed for the following constituents, expressed as rag./100 gin. wet weight tissue: tyrosine, 46; total cellular P, 260; TCA-extractable P, 63; P~, 38.
Two analyses of mouse liver mitochondria showed an average tyrosine content of 0.25 -t-0.025 reg./gin, wet weight tissue, indicating that tyrosine concentration was relatively constant.
@2 UPTAKE IN MOUSE LIVER MITOCHONDRIA
The pool of Pi within or associated with a small sample of mitochondria (2 mice) was too small to be determined by ordinary analytical procedures (16). Colorimetric analyses of the TCA extract obtained from the 10 ml. incubation aliquots failed to give detectable color reactions. By using ten times the amount of extract normally analyzed (20 mice), it was possible to obtain a faint color trace. As the ratio of ps~ to P~ present in the incubation mixture was small, it was assumed that there would be no preferential uptake of Pa over P~ by the mitochondria. This assumption justified using the specific activity of incorporated p3~ as a measure of incorporated P~.
Values of the specific activities of P~ based on the tyrosine content for the experiments with and without added ATP are presented in Tables I and II. Since no intended energy source was included in the experiments in Table I , the flux of p32 in and out of the mitochondrial inorganic P pool represented diffusion or transport under basal conditions. An assumption, based on the data from time course studies by Friedkin and Lehninger (9) , was that the uptake curves would show an initially high rate of uptake followed by a reduction in rate which would reach a steady state value. Of the nine experiments, only two, Experiments V and VIII, gave curves of this type. The other experiments gave characteristic time course curves similar to those shown in Fig. 1 . The variation in the data in Table I was found to be explained by the differences in incubation P~ concentration. When the values are normalized by multiplying the specific activities ~ps~ in TCA extracts) by the factor (c.P.~¢./ ml. MIM Pa)/(2.0 X 10 6 c.P.~r./ml. MIM), they give a more ordered picture of what happened (Fig. 2) . Without the addition of ATP, P~i uptake reached a maximum value after 8 to 14 minutes of incubation and then declined. When ATP was included, it acted as a factor that enabled the mitochondrion to take up and retain P~ which had traversed or was strongly adsorbed on the membrane or cristae.
Specific activity curves of the mitochondrial residue P/#g. total residue P, as a function of time, paralleled the specific activity curves of the TCA extracts. Increased uptake of acid-soluble P, in some of the experiments was accompanied by an increase in labelled TCA-insoluble P compounds, suggesting that an equilibrium existed between the P occurring in the intramitochondrial P~ pool and the organic P compounds in the membranes. Comparison of the variations that occurred in the specific activities of the mitochondrial residues/milligram of tyrosine as a function of time, revealed that there was less variability in the experiments with added ATP than in the experiments without ATP addition. In the case of mitochondria, ATP probably stabilized the turnover of TCA-insoluble P compounds while contributing terminal phosphate groups to the intramitochondrial P~ pool.
The amount of residue P incorporated over a period of time with reference p3s UPTAKE IN MOUSE LIVER M~TOCHONDRIA to tyrosine was a less variable quantity than the specific activities of the incorporated residue Pn discussed above. However, when ATP was added, the P content associated with P compounds insoluble in cold TCA was significantly larger than the content found in the residues when ATP was not added. These data suggest that the residue compounds were more stable than the TCA-soluble compounds and less likely to be contaminated by Pn from the incubation mixture. An inverse relationship between the ratio, micrograms of MIM P¢/(micro- grams of tyrosine) s, and the extent of PS uptake into the TCA-soluble P~ fraction is seen in Experiments I to IX. This ratio will be termed the phosphorus inhibition index (INN). To test the inhibitory effect of P~ on pss uptake (marked by a sudden increase in the INN), mitochondria were incubated for 25 minutes in a non-inhibitory P,--sucrose-ATP buffer and then subjected to a P~ concentration several times that found in the normal liver cell. The resuits are shown in Table HI. In the initial period, uptake was considerable. After P~ addition, ps2 was rapidly depleted from the intramitochondrial P~ pool. In 4 minutes, the specific activity of the mitochondria dropped from 10 ~ to 104 c.P.M./mg, of tyrosine. This could not be accounted for by dilution of the label by added p31. The flux of P~ into the mitochondrion appeared to have been inhibited by the high PC concentration in the MIM.
In order to check the influence of the ratio, Specific activity of incubation mixture (pn), e.P.~. Table II . After 26 minutes, the inhibition index was raised by adding a suitable quantity of mono-and dibasic potassium phosphate salts to the MIM.
DISCUSSION
The results of the time course studies of p3~ uptake for the media used support the previous findings of Witter and Newcomb (32) and Hunter and Ford (14) , which point out that P+ is a deleterious agent when present in high concentrations. The function of external ATP as an agent for the maintenance of normal or usual levels of P+ in isolated mitochondria was also demonstrated.
The small amount of MIM P+ that was found to be incorporated in mitochondria in the first six experiments suggests that ATP phosphate may not be the only source of P for incorporation and that incubation P~ may be a supplementary source (2, 3) . The decreased specific activities of the incubation media used by Barfley and Davies may have represented incorporation of P3*i into mitochondrial TCA-insoluble compounds.
The characteristic uptake curve (Fig. 1) for the experiments in which ATP was not added suggests that intrinsic ATP, present at the beginning of the incubation time course, served as an energy source for the initial incorporation of Pc (25) . If the source became exhausted or the mitochondrial phosphatases were inactivated, the mitochondria may not have been able to maintain a Pc concentration gradient and as a consequence, Pc was released back into the incubation mixture (16). This is in accord with what is known about degenerative osmotic and enzymatic changes in mitochondria. Three processes that may have taken place singly or in combination were: (a) damage to the membrane, which allowed external substances to enter by diffusion; (b) the acceleration of ATPase or other phosphatase activation; (c) autolysis, which may have furnished sufficient energy for active P, transport into the intramitochondrial P~ pool (4, 9) .
The combined results appear to support established findings regarding P~ uptake by mitochondria of other species incubated with oxidizable substrates.
